Simultaneous TIRF Microscopy and Optical Trapping for Single Molecule Experiments  by Hanhijärvi, Kalle et al.
138a Sunday, March 6, 2011The DNA-RCS technology combines the advantages of microwave accelerated
DNA hybridization on surfaces, i.e. the simultaneous recognition of several tar-
get-DNA sequences in one sample well by complementary anchor-DNAs, at-
tached to a silver-island film (SiF), (rapid catch) and the Metal-Enhanced
Fluorescence (MEF) technology (signal). Fluorescent DNA labels, which play
the role of molecular sensor probes, show a strong response on DNA-DNA rec-
ognition events due to fluorophore coupling with nanoparticle plasmons at short
(10 - 30 nm) distances from the surface.Microwave-acceleratedDNAhybridiza-
tion on the SiF-surface subsequently brings the sensor-DNA probes close to the
silver-nanoparticles, significantly enhancing the fluorescence signal, a technol-
ogy described by Geddes as ‘‘Metal-Enhanced Fluorescence’’ (MEF). Subse-
quently the multi-color RCS-DNA assay platform can radically expedite
quantitative analysis of genome DNA sequences within ~20 seconds at very
high sensitivity with significant advantages over the widely used PCR ap-
proach.
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Simultaneous TIRFMicroscopy and Optical Trapping for Single Molecule
Experiments
Kalle Hanhija¨rvi, Heikki Ojala, Anders E. Wallin, Gabija Ziedaite,
Susanna Aura, Sami Franssila, Dennis H. Bamford, Edward Hæggstro¨m.
Combined optical trapping (OT) and single molecule fluorescence (SMF)
find use in single molecule biology [1]. SMF experiments involve labeling
the molecule of interest with a small number of fluorophores. Hence, mini-
mizing background fluorescence is essential to ensure sufficient signal to
noise ratio. Total internal reflection fluorescence (TIRF) localizes the excita-
tion to within approximately 150 nm layer from the surface, effectively re-
stricting the background [2,3]. Since OT experiments employ dielectric
beads in the micrometer size range, additional optically transparent step-
like surface structures are needed to raise the excitation volume close to
the trapped molecule [3].
We implemented TIRF imaging into an existing optical tweezer instrument [4].
A diode pumped solid state laser excites fluorescence (Coherent Sapphire 50
mW, 488 nm). Video capture is realized with an EMCCD camera (Andor
iXon DU-897). A fluorescence emission filter (Chroma HQ535/30m) blocks
the wavelengths corresponding to the trapping and detection lasers. TIRF is
achieved with a high-NA objective (Nikon CFI Plan Apo 100X TIRF). Surface
structures were fabricated lithographically on the sample chamber cover slip
from SU-8 photoresist.
We present simultaneous stretching and TIRF imaging of double stranded DNA
from the bacteriophage lambda. The DNA is stained with SyBR Gold (Invitro-
gen) and is bound to optically trapped dielectric beads in a dumbbell configura-
tion. This technologywill be applied to follow polymerase reactions in real time.
[1] Lang, M.J. et al., (2004). Nature Methods. 1(2) 1–7.
[2] Moerner, W.E. and Fromm, D.P., (2003). Review of Scientific instruments.
74(8), 3597–3619.
[3] Harada Y. et al., (1999). Biophysical Journal. 76(2) 709–715.
[4] Wallin, A.E. et al., (2008). Applied Physics Letters 92 224104.
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Unravelling Electronic Energy Transfer in Single Conjugated
Polyelectrolytes Encapsulated in Lipid Vesicles
Pierre Karam, An T. Ngo, Isabelle Rouiller, Gonzalo Cosa.
A method for the study of conjugated polyelectrolyte (CPE) photophysics
in solution at the single molecule level is described. Extended observation
times of single polymer molecules are enabled by the encapsulation of the
CPEs within 200 nm lipid vesicles, which are in turn immobilized on a sur-
face. When combined with a molecular-level visualization of vesicles and
CPE via cryo-TEM, these single molecule spectroscopy studies on CPEs
enable us to directly correlate the polymer conformation with its spectro-
scopic features. These studies are conducted with poly[5-methoxy-2-(3-sul-
fopropoxy)-1,4-phenylene-vinylene] (MPS-PPV, a negatively charged CPE),
when encapsulated in neutral and in negatively-charged lipid vesicles.
MPS-PPV exists as a freely diffusing polymer when confined in nega-
tively-charged vesicles. Individual MPS-PPV molecules adopt a collapsed-
chain conformation leading to efficient energy migration over multiple
chromophores. Both the presence of stepwise photobleaching in fluores-
cence intensity/time trajectories and emission from low energy chromo-
phores along the chain are observed. These results correlate with the
amplified sensing potential reported for MPS-PPV in aqueous solution.
When confined within neutral vesicles, single MPS-PPV molecules adopt
an extended conformation upon insertion in the lipid bilayer. In this case
emission arises from multiple chromophores within the isolated polymer
chains, leading to an exponential decay of the intensity over time and
a broad blue-shifted emission spectrum.747-Pos Board B547
Molecular Dynamics Simulations of the IAEDANS Fluorescent Probe
Attached to the Sarcoplasmic Reticulum Ca2þ-ATpase (serca)
Bengt Svensson, Elizabeth L. Lockamy, Howard S. Young,
David D. Thomas.
Molecular dynamics simulations were performed with the aim to establish
a more rigorous foundation for analyzing spectroscopic data on SERCA labeled
with the fluorescent probe IAEDANS. Site-specific labeling of a protein with
a fluorescent probe can provide insight into local structural dynamics, based
on fluorescence quenching or anisotropy measurements, or based on fluores-
cence resonance energy transfer (FRET) to another label. SERCA was labeled
at position Cys674 in the P-domain with the fluorescent probe IAEDANS. The
starting point for the molecular dynamics simulations of the fluorescent probe
and its protein environment was a new crystal structure of IAEDANS-labeled
SERCA. The structure was determined to 3.4A˚ resolution, which was sufficient
to show the IAEDANS label in close proximity to residues Arg615 and Arg620.
To be able to perform these simulations, we developed CHARMM force-field
parameters for the fluorescence probe IAEDANS. Quantum chemistry calcula-
tions have also been performed on the ground state and excited states of IAE-
DANS, to determine the orientation of the transition dipole moment. The
transition dipole autocorrelation functions and reorientation times were calcu-
lated from the simulated trajectories and compared with experimental measure-
ments by fluorescence anisotropy. FRET parameters were also determined from
the simulations and compared with results from fluorescence experiments using
IAEDANS as the donor and TNP-ADP bound in the nucleotide pocket as the
acceptor. The results show that we have established a reliable framework for
both fluorescence experiments and MD simulations in this system. This work
was supported by NIH (GM27906, AR007612) and the Minnesota Supercom-
puting Institute.
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Single Molecule Characterization of Alzheimer’s Ab Peptide Interactions
with Model and Cell-Derived Membranes
Joseph Schauerte, Robin Johnson, Kathleen Wisser, Duncan Steel,
Ari Gafni.
The amyloid plaques found in the brains of Alzheimer’s disease patients are
a hallmark of this disease and are mostly comprised of the short, 40-42 amino
acid, protein fragment known as Ab, which is derived by the proteolytic pro-
cessing of the much larger amyloid precursor protein. A major current hypoth-
esis regarding the mechanism of neurotoxicity of Ab posits that the binding of
Ab to cell membranes induces oligomerization of the peptide leading to the for-
mation of transmembrane pores that compromise the ability of the cell to con-
trol intracellular ion concentrations. Work in our laboratory has characterized
the mechanism of interaction of Ab with model phospholipid membranes using
calorimetric, electrophysiological and optical spectroscopic techniques. In par-
ticular, single molecule methodologies are utilized to monitor the interactions
of fluorescently labeled Ab on lipid membranes. Our results reveal that Ab in-
teraction with model membranes is characterized by significant heterogeneity
in the resulting oligomers, in the corresponding binding enthalpies as well as
in the membrane permeabilization potentials. These studies provide detailed in-
sight into the physical chemical basis of Ab-lipid membrane interaction and its
outcome. We are currently expanding our studies to more physiologically rel-
evant systems including membrane blebs and SH-SY5Y neuroblastoma cells.
Our data on RBL (rat basophilic leukemia) blebs indicates that both labeled
and unlabeled Ab is capable of forming pores that facilitate the flow of Ca
ions as monitored by internalized Ca indicators. We will address the role of spe-
cific membranes in Ab-lipid interactions.
749-Pos Board B549
Lipid-Protein and Lipid-Lipid Interactions in the Myelin Sheath
Hande Ozgen, Nicoletta Kahya, Dick Hoesktra.
The myelin sheath, which is produced by oligodendrocytes in the central ner-
vous system (CNS), enwraps the axons to provide fast conduction of the action
potential and to ensure axonal integrity. For the myelin membrane, the most
abundant lipids are cholesterol and galactolipids such as galactosylceramide
(GalC) and sulfatide(SGC). The major CNS myelin proteins are proteolipid
protein (PLP) and myelin basic protein (MBP); their interaction with lipids
and their diffusional behavior are pivotal for myelin formation and mainte-
nance. Any alteration in the spatio-temporal architecture of myelin leads to se-
vere neurological diseases such as multiple sclerosis.
Myelin’s molecular organization, as driven by lipid-lipid and lipid-protein in-
teractions, was investigated by confocal microscopy. We also applied Fluores-
cence Correlation Spectroscopy (FCS) to study the lateral diffusion of myelin
proteins. For this purpose, we employed primary oligodendrocytes in various
